Use of a height/plasma creatinine formula to estimate glomerular filtration rate (GFR) is simpler and less invasive than renal or plasma clearance methods. The aim ofthis study was to determine whether these formulas enabled accurate prediction of GFR measured from the plasma clearance of 51Cr labelled ethylenedianiinetetra-acetic acid (5tCr-EDTA).
Measurement of the glomerular filtration rate (GFR) in children and adolescents is an important part of the assessment of many renal diseases, and may facilitate safer prescribing of fluids, electrolytes, and drugs.1 It is of particular value in children with malignant disease in whom it may provide an important measure of toxicity,2 and influence the type and dose of cytotoxic drug treatment. In paediatric practice, however, both the acceptability and accuracy of conventional renal clearance methods of GFR measurement are reduced by the need for carefully timed and complete urine collections. The utility of the inulin clearance method is limited further by the requirement for a continuous intravenous infusion, and the cumbersome nature of the inulin assay. The utility of endogenous creatinine clearance measurement is diminished by variability in the dietary intake and tubular secretion of creatinine, and by interference of non-creatinine chromogens with the plasma creatinine assay. There is often considerable discrepancy between GFR values from the two techniques in individual patients, with the latter method usually giving higher results due to tubular creatinine secretion.3
These disadvantages prompted the introduction of clinical measurement of GFR from the plasma clearance of ethylenediaminetetraacetic acid labelled with 51chromium (51Cr-EDTA), without the necessity for urine collection. 4 Initial studies in adults5 6 and in children7 8 showed that 51Cr-EDTA plasma clearance corresponded closely to simultaneously measured renal inulin clearances. The simplicity, wide availability, and low radiation exposure5 6 of radioisotopic plasma clearance methods have led to their widespread adoption in paediatric practice.
Several attempts have been made to introduce and validate simpler methods whereby GFR can be estimated from the plasma creatinine concentration (Pa), assuming steady state conditions. Two well known formulas have been published for use in children,9 10 (Schwartz) 114-9 (536-173-0) *CB-38=GFR estimated from formula (1); CB-40=GFR estimated from formula (2); Schwartz=GFR estimated from formula (3); all are calculated using non-corrected plasma creatinine concentration.
was necessary since the spread of the difference between measured and estimated GFR appeared to increase with GFR. Therefore, the limits of agreement are expressed in terms of ratios rather than absolute differences. Second, the correlation coefficient (r) was calculated, as in previous studies.
Results
The median (range) height, non-corrected PCr, measured GFR, and each of the estimated GFRs (using the non-corrected Pcr) are shown in table 1.
The Altman-Bland plot of the difference between measured loge GFR and estimated loge GFR (estimated from the CounahanBarratt formula, using the non-corrected Pcr) against the average of the measured and estimated loge GFR is shown in fig 1. The ratio geometric mean of measured GFR: geometric mean of estimated GFR, which is a measure of relative bias (subsequently referred to as 'the bias') and the limits of agreement are shown in table 2. The bias for the Counahan-Barratt formula is 1 -12, implying that on average measured GFRs will be 1 12 times those estimated using the Counahan-Barratt formula. For all but one of the formulas, the bias is significantly different from unity. The bias is even further from unity when the Prr is corrected by subtracting 12-4 ,umol/l from the measured value. The only formula in which the bias is not significantly different from unity is (1-96 SD) value of the difference is shown.
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Inaccuracy ofglomerularfiltration rate estimation from height/plasma creatinine ratio Furthermore, the limits of agreement are extremely wide in all three formulas, using either the non-corrected or the corrected PcrFor example, using the Counahan-Barratt formula and non-corrected P,r, the measured GFR will be between 0-69 and 1-89 times the estimated value in 95% of cases; when the corrected Pcr is used, the equivalent figures are 0-47 and 1-58.
The correlation coefficients between the measured GFR and each of the estimated GFR values are shown in table 3, and the scatter plot of measured GFR versus the estimated GFR (from the Counahan-Barratt formula, using the non-corrected Pcr) is shown in fig 2. Although all the correlation coefficients are highly statistically significant, the figure illustrates the considerable discrepancies between the measured and estimated GFR in many individual patients.
Discussion
The most important finding of this study is the considerable disagreement between measured and estimated GFR in individual patients. Table 3 Correlation coefficients between measured GFR and estimated GFR be surprising if the results obtained from two methods designed to measure the same quantity were not related.1' Furthermore, as the value of the correlation coefficient (for this application) depends on both the variation between individuals and that within individuals (that is, measurement error), large interindividual variation relative to measurement error will give a high correlation coefficient, with a highly significant p value.
The bias is significantly different from unity, except in the case of the modified CounahanBarratt formula using non-corrected Pcr, As expected, use of the corrected Pcr increases the mean estimated GFR. However, this confers no advantage as the corrected bias is even further from unity than the non-corrected bias with each of the three formulas used.
Data presented by Burghard et al gives a correlation coefficient of 0-91 for 50 subjects, comparing renal clearance of inulin and GFR estimated from the Counahan-Barratt formula.'4 However, inspection of their figure still shows considerable scatter. The higher value of the correlation coefficient is largely due to the wider range of the measured GFR in their patients. When the data of Burghard et al are analysed in the same way as ours, the results are comparable -although the bias (0-97; with 95% confidence interval 0-89 to 1-05) is close to unity, the limits of agreement are just as wide (0-53-1-75).
Reference to the initial publications describing the derivation and validation of estimated GFR formulas shows that correlation and regression analyses were used, and that considerable scatter was present despite the high correlation coefficients.9 10 Counahan et a19 and other authors have commented on the wide confidence limits for estimated GFRs in individual patients.'5 16 Although it has been suggested that the use of estimated GFR may be appropriate to screen children by identifying those who are very likely to have a normal or an abnormal GFR,13 it has also been acknowledged that a renal inulin clearance or radioisotopic plasma clearance method is necessary when an accurate GFR measurement is needed for either clinical or research purposes.'4 16 In general, inaccuracy of estimated GFR may be due to interindividual differences in 
